Objectives: Quantitative assessment of LV dysfunction and viability through gated SPECT myocardial perfusion imaging (GSMPI) in addition to being diagnostic surrogate of cardiomyopathy (CM), are being increasingly reported as a predictor of adverse outcome in CM. This study was conducted to investigate the survival outcome in patients diagnosed with CM by GSMPI at National Institute of Nuclear Medicine & Allied Sciences (NINMAS). Conclusions: Five year survival in this study group diagnosed with CM by GSMPI was 47% where pretest probability score, GSMPI parameters and management strategies were not associated with difference of survival.
INTRODUCTION
Cardiomyopathy (CM) is characterized by left ventricular (LV) dilatation and LV systolic dysfunction (1) which progresses inexorably to heart failure (HF) (2, 3) . CM, in advanced countries contributes up to 40% of the proportion of total patients with HF (4). Banerjee et al. reports HF in 75% patients and death during hospital stay in 8% patient with CM (5) . HF causes decline in quality of life (6) with an observed 5-year survival of 26-52% (7) and thus it is labeled as more malignant that cancer (8) . While HF is being increasingly detected in Asian countries reaching a prevalence of 1.5% (9) , improved survival outcome is being reported with appropriate management (10, 11) .
LV ejection fraction (LVEF), end systolic volume (ESV), ESV index (ESVI) and LV scar percentage has been reported to be predictors of adverse outcome in CM (12) (13) (14) . Gated SPECT myocardial perfusion imaging (GSMPI) with nitrate enhancement using Tc-99m Sestamibi is a validated technique for evaluation of LV dysfunction (15) (16) (17) as well as for prediction of survival outcome in patients with ischemic CM (18) , and has been an associate to management of ischemic heart disease (IHD) in Bangladesh since 2001 (19) .
To our best knowledge there is no report of survival rates among patients with severe LV dysfunction or CM in Bangladesh. Thus the aim of the study was to assess the long term survival outcome in patients after they were diagnosed with severe LV dysfunction or CM based on GSMPI finding of LV dilatation and low LVEF.
PATIENTS AND

METHODS
Study patients
This was a cross sectional retrospective study conducted in the year, 2015 on a group of patients who were referred to Nuclear Cardiology Division of National Institute of Nuclear Medicine and Allied Sciences (NINMAS) from January 2007 to December 2009 for GSMPI as a part of work up for CAD at its different stages. The patients who had been diagnosed with CM by GSMPI within that period were selected. The diagnostic criteria of CM was LVEF at rest of less than 40% with a corresponding end diastolic left ventricular volume (EDV) of more than 130 ml. Among the patients with CM only those were included in the final analysis whose follow up data were available till end of study.
Data extraction
Record files of GSMPI of all patients with CM were obtained from the Nuclear Cardiology Division's patient studies in order to retrieve their demographic data including the contact numbers. A retrospective calculation of pretest probability of CAD was done for each patient by inputting their age, sex and risk factors using an online calculator QxMD. All patients had undergone GSMPI in a dual head gamma camera (Siemens e.cam). Radiotracer used was Tc-99m Sestamibi. The LVEF, EDV, ESV and LV scar percentage at rest including the summed rest score (SRS) of each patient were estimated using 4DMSPECT.
Follow up
The patients were called up by a physician who conducted a semi structured interview over telephone to obtain the clinical follow up data of those patients. Physician could talk either directly with the patients or with a family member of a deceased patient. Information regarding improvement or decline of patient's quality of life in comparison to patient's status prior to GSMPI was obtained. Mode of managements within these years was enquired. If the patient was reported as dead by a family member, they were asked to provide the date and place of death. They were also asked to provide hospital's comment about cause of death if it was a case of death in hospital.
Study endpoints, variables and analytic method
Death of a patient was considered as the only final event in the survival analysis. Events were taken into account until 30 June of 2015, the date the study ended. The time from the diagnosis of CM to death was analyzed with the Kaplan-Meier method. Other quantitative variables were expressed by appropriate summary statistics i.e. using mean ± standard deviation (SD) and value ranges or median. The results of the qualitative variables were given as percentages. Comparison of quantitative variables between survivors and non-survivors were done using independent samples T test. Comparison of categorical variables between survivors and nonsurvivors were done using Log Rank (Mantel-Cox) test. SPSS software version 20 (SPSS Inc. Chicago, IL, USA) was used for the statistical analyses. Twotailed p value of <0.05 was considered statistically significant, when appropriate.
RESULTS
Demographic and clinical characteristics
From January 2007 to December 2009, a total of 879 patients underwent GSMPI at NINMAS where 52 (6%) patients aged 32 to 75 years were diagnosed to have CM on the basis of EDV and LVEF measurements obtained from GSMPI. Among them 50 were male and two were female. Mean age for these patients was 51.6 ± 9.5 years with mean LVEF 27.7±5.5 (18-39) and mean EDV 223±69.7 (135-486). In July 2015 when the follow up telephonic interviews were conducted, follow up data of 19 out of 52 (37%) patients were available.
Thus, 19 patients were followed for a median period of 48 months. Among them 18 were male and one was 
Overall survival
Nine (47.4%) patients (m/f: 8/1) were alive at the time of follow up after five years and 10 (52.6%) patients (all male) were found to be deceased. Six patients died within first year, one by second year, one by third year and two by fourth year. In this small group the one year survival was estimated to be 68%. All cause mortality for the entire study group was 42% during 3 years and 53% during the median follow up period of four years. Death of two was associated with non cardiac illness (one with multi-organ failure and the other with ischemic stroke); death of four was associated with heart failure and the other four patients died at home. Finally, the five year survival in the study group was estimated to be 47% ( 
Comparison of variables among survivors and deceased
Independent samples T test revealed no significant difference of mean age, pre test probability score, proportion of total LV involved with perfusion defect, SRS, ESV, EDV or LVEF among the alive and deceased; however the difference of mean LVEF (echo) reached a statistical significance (Table 1) .
Pre test probability of having CAD was estimated to be intermediate in four of 10 deceased and in four of nine alive during follow up. Thus the test of equality of survival distributions between intermediate and high pretest probability of having CAD revealed no difference with the Log Rank significance, p > 0.05 (Table 1) . Among the four patients who underwent CR plus MM after imaging, two had died within three years (EF 26 and 39%, EDV 193 and 144ml). Among the other 15 patients who were on exclusive MM, eight died within four years. CR plus MM was the management strategy in two of 10 deceased and in two of nine alive during follow up. Test of equality of survival distributions for two different treatment strategies thus revealed no difference (Log Rank significance, p > 0.05).
DISCUSSION
The impartiality of survival outcome across the treatment strategies in our study in patients with LVEF<40% contradicts with reports claiming an improved survival outcome following CR in comparison to MM alone in patients with LV dysfunction where one group of subjects have LVEF<25% (20) and the other have LVEF≤40% (21). The Surgical Treatment for Ischemic Heart Failure (STICH) trial in patients with LV dysfunction (EF≤ 35%) finds no statistically significant difference between MM alone versus MM plus CR with respect to any cause mortality (22) .
In our small series, the distribution of GSMPI parameters LV viability viz. proportion of total LV involved and SRS were not different among the survivors and non-survivors. This is somewhat similar to the STICH viability sub-study that do not find a significant interaction between viability status and treatment assignment with respect to mortality (23) . However, a meta-analysis (24) suggests that the indifference in mortality with CR versus MM is imparted by absence of myocardial viability which was detected by nuclear imaging or inotrope stress echocardiography. Absence of viability was quantified using scar burden and ESVI and was reported to be aggravator of mortality risk, irrespective of CR or MM, in patients with ischemic CM with mean LVEF of 23%, (13) . Another metaanalysis suggests 38.7% as the optimum quantity of viable LV myocardium, as assessed by Tc-99m Sestamibi GSMPI to be associated with improved functional recovery leading to improved survival outcome after CR in comparison to MM (25) .
Limitations of the study:
Demographic characteristics and risk factors were converted to pre-test probability in order to assess the difference of their distribution of among survivors and non-survivors. The apparent difference in mean was however statistically not significant possibly due to small sample size. Analysis of LV viability weighted against factors like poorly controlled diabetes or renal insufficiency could be of value in a larger sample size. Inclusion and analysis of more traits viz. NYHA functional class of symptoms, rest ECG features, brain natriuretic peptide, patient's compliance to treatment and life-style modification advice was not possible due to retrospective nature of this study.
Though we could obtain confirmation of alive status with generalized information on management strategy or place and date of death through a telephonic interview, patient follow up data weren't obtained from any standard source such as death register or hospital record. Thus a reliable determination of disease progression, regression or exact diagnosis at death wasn't attainable. Two point assessment of LV function was beyond the scope of this study.
Also the entire study may be considered biased because the data for the other 63% patients was not available, which might have changed both the survival proportion and the 'indifferent' scenario across all the parameters analyzed. Thus there is future scope for exploring the exact reality of both survival proportion and influence of different management strategies on survival in a larger series of patient.
CONCLUSIONS
The present study in a small group of patients with CM having LVEF<40% and LV EDV>130 ml as quantified by GSMPI, could find 'no difference' of survival outcome irrespective of clinical parameters converted to quantifiable pre-test probability score, GSMPI quantitative parameters of LV function & viable myocardium and finally between treatment strategies. However, it may be permitted to assume that a diagnosis of CM using GSMPI quantitative parameters of LV dysfunction and viability can be a predictive indicator of poor survival outcome irrespective of treatment strategy in patients with CM in Bangladesh.
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